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Abstract
Title of Dissertation: Investigating the Impact of Coastal Erosion at Coastal
Communities in Liberia
Degree:

Master of Science

In order to understand why coastal erosion continues in Liberia and to offer useful
guidelines that could be used by decision-makers to find long-term and affordable
solutions to the threat of coastal erosion, this dissertation investigated the impacts of
coastal erosion at coastal communities in Liberia. It also aimed to determine whether
soft coastal protective measures could be used to protect the coastline from erosion
while also protecting valuable marine species.
Relevant literature and national reports were reviewed to ascertain secondary
information about the status of Liberia’s coastal zone, and primary information was
gathered by administering two sets of structured interview questionnaires to Liberian
government officials from the Ministry of Mines and Energy and the Environmental
Protection Agency, and to coastal dwellers from the communities of West Point, New
Kru Town, and Buchanan. The data were analyzed through descriptive statistics and
the results were synthesized through Microsoft Excel 2016 and Microsoft PowerPoint
2016.
The research results showed that the governance system in existence for Liberia's
coastal zone is a technocratic top-down system in which all important management
decisions are taken by coastal zone authorities with little to no involvement of the
coastal dwellers. The findings showed that Liberia lacks a coastal zone policy and that
the country's national environmental policy is the one being applied to the coastal zone.
The research findings revealed that coastal erosion affects West Point more than New
Kru Town and Buchanan because West Point is located below sea level and the
residents of West Point build their homes very near to the ocean. The Government of
Liberia (GoL) has built rock revetment walls in some of the affected communities to
combat the erosion and plans to build more, despite the fact that the ones completed
are not environmentally friendly. Soft measures have the potential to be used in some
coastal areas in Liberia according to the research but coastal authorities are less
interested in executing such long-term projects.

KEYWORDS: Coastal dwellers, coastal erosion, coastal zone management,
government officials, hard engineering protective structure, Liberia, soft engineering
protective structure.

iii

Table of Contents
Declaration ........................................................................................................... i
Acknowledgments ............................................................................................... ii
Abstract .............................................................................................................. iii
Table of Contents ............................................................................................... iv
List of Figures ...................................................................................................... vi
List of Abbreviations ........................................................................................ vii
1.0 INTRODUCTION .............................................................................................. 1
1.1 Background of the study ..................................................................................... 1
1.1.1 History of Coastal Erosion in Liberia....................................................................... 3
1.2 Protection against Coastal Erosion ........................................................................ 6
1.2.1 Hard Protective Measures used Globally ............................................................... 6
1.2.2 Hard Protective Measures used in Liberia ............................................................. 9
1.2.3 Soft Protective Measures ..................................................................................... 10
1.3 Governance Approaches for the Coastal Zone ......................................................16
1.3.1 Coastal Zone Governance in Liberia ..................................................................... 18
1.4 Aims and Objectives ............................................................................................19
1.5 Research Questions .............................................................................................20
1.6 Significance of the Study......................................................................................20
1.7 Scope of the Study ..............................................................................................20

2.0 MATERIALS AND METHODS .......................................................................... 21
2.1 Study Sites ..........................................................................................................21
2.2 Research Design and Data Collection ...................................................................23
2.2.1 Interview of Government Officials ....................................................................... 24
2.2.2 Interview of Coastal Dwellers............................................................................... 25
2.2.3 Relevant Literature and Government Reports ..................................................... 26
2.3 Data Analysis ......................................................................................................26

3.0 RESULTS ....................................................................................................... 27
3.1 Government Officials...........................................................................................27
3.1.1 Basic Information about Respondents and their Entity ....................................... 27
3.1.2 Engagement of Coastal Dwellers by GoL Officials ................................................ 28
3.1.3 Coastal Zone Policy ............................................................................................... 29
3.1.4 Main Causes of Coastal Erosion ........................................................................... 30
3.1.5 Threats to Coastal Communities, most Threatened Communities, and GoL
Interventions against Coastal Erosion ........................................................................... 31
3.1.6 Efficiency of Hard Protective Measures and Prospects for Soft Measures .......... 32
3.2 Coastal Dwellers..................................................................................................33
3.2.1 Socio-economic and Demographic Profiles .......................................................... 33
3.2.2 Definition, Causes, Impacts, & Coastal Dwellers’ Preferred Method for Coastal
Protection ...................................................................................................................... 34

iv

3.2.3 Evaluation of GoL’s Implemented Protective Measures and Coastal Dwellers’
Preferred Method for Coastal Protection ..................................................................... 35

4.0 DISCUSSION ................................................................................................. 37
4.1 Policies and Protective Measures for Coastal Protection .......................................37
4.1.1 Governance .......................................................................................................... 37
4.1.2 Policy .................................................................................................................... 38
4.1.3 Protective Measures............................................................................................. 39
4.2 Main Reason for the Continuous Occurrence of Coastal Erosion ...........................41
4.3 The Impact of Coastal Erosion on Coastal Dwellers ...............................................42

5.0 CONCLUSIONS AND RECOMMENDATIONS .................................................... 44
5.1 Conclusions .........................................................................................................44
5.2 Limitations and Challenges ..................................................................................45
5.3 Recommendations ..............................................................................................46

REFERENCES....................................................................................................... 47
APPENDICES .................................................................................................. 55
Annex 1: Government Official’s Interview Questions .................................................55
Annex 2: Coastal Dwellers (including fishers) Interview Questions .............................57

v

List of Figures
Fig. 1. Primary interactions between mangroves, seagrass, and coral reefs .............. 16
Fig. 2. Political subdivisions map of Liberia ............................................................. 22
Fig. 3. Map of West Point .......................................................................................... 23
Fig. 4. Basic Information about Respondents and their Entity .................................. 28
Fig. 5. Engagement of Coastal Dwellers by GoL ...................................................... 29
Fig. 6. Coastal Zone Policy ........................................................................................ 30
Fig. 7. Main Causes of Coastal Erosion..................................................................... 31
Fig. 8. Threats to Coastal Communities, most Threatened Communities, & GoL’s
Interventions ...................................................................................................... 32
Fig. 9. Efficiency of Hard Protective Measure and Prospects for Soft Measures ..... 33
Fig. 10. Socioeconomic and demographic profiles of coastal dwellers..................... 34
Fig. 11. Definition, Causes, & Impacts of Coastal Erosion ....................................... 35
Fig. 12. Evaluation of GoL’s Implemented Protective Measures and Coastal
Dwellers’ Preferred Method for Coastal Protection .......................................... 36
Fig. 13. Partial views of West Point showing aerial view and destroyed houses along
the Atlantic Ocean on the north-western part of West Point ............................. 43

vi

List of Abbreviations
EBAs

Ecosystem Based Adaptations

EPA

Environmental Protection Agency

EPML

Environment Protection and Management Law

Fig

Figure

GEF

Global Environment Facility

GoL

Government of Liberia

GIZ

German Agency for International Cooperation

ICZM

Integrated Coastal Zone Management

IPCC

Intergovernmental Panel on Climate Change

JICA

Japan International Cooperation Agency

MME

Ministry of Mines & Energy

MoFA

Ministry of Foreign Affairs

NEP

National Environmental Policy

UN CTCN

United Nations Climate Technology Center and Network

UNDP

United Nations Development Programme

UNHCR

United Nations High Commissioner for Refugees

vii

1.0 INTRODUCTION
This chapter provides information about the background for this research work; a
review of relevant literature about the research topic; the problem that this research
aims to address, and the research questions that will be used to address the research
problem.

1.1 Background of the study
At present, coastal erosion is affecting a large portion of the world's shorelines, which
in turn affects coastal dwellers who live within 25 kilometers (representing
approximately 20% of the world's population) and within 100 kilometers (representing
approximately 40% of the world's population) of a coastline (Williams et al., 2018;
Rangel-Buitrago et al., 2018; Buser, 2020; Tourlioti et al., 2021; Strain et al., 2022).
Owing to increasing population growth, intensified human activity along the coast,
together with ongoing and accelerating sea-level rise due to climate change, the threat
of coastal erosion is real and may negatively influence coastal communities (Creel,
2003; Buchori et al., 2018; Gracia et al., 2018; Nyadzi et al., 2020). Coastal towns are
more susceptible to erosion and flooding because of high population densities and
strong concentration of economic activities in coastal areas such as urbanization and
infrastructure development, sand mining, fishing, transportation, and recreation which
have detrimental effects on the marine environment (Mensah, 1997; Barragán &
Andrés, 2015; Williams et al., 2018; Rangel-Buitrago et al., 2018; Tourlioti et al.,
2021; Mamo et al., 2022). Some examples of the negative results of coastal erosion
are increased salinity of groundwater, degradation of marine ecosystems, displacement
and migration of coastal dwellers, loss of cultural norms, infrastructure destruction,
and food shortages (Hagedoorn et al., 2021; Tourlioti et al., 2021). There are currently
four conventional strategies for combating coastal erosion, three of which were
proposed by the Intergovernmental Panel on Climate Change (IPCC) Coastal Zone
Management Subgroup in 1990 (see Section 1.2) (Dronkers et al., 1990; Williams et
al., 2018; Gracia et al., 2018; Rangel-Buitrago et al., 2018).
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Governments are often responsible for managing coastal zones and the threats
connected with them like coastal erosion, yet such issues typically receive little
financing from central governments (Tourlioti et al., 2021). In addition to facing
funding limitations, coastal managers must adopt a suitable governance framework for
the coastal and marine zones due to multiple users, each of whom has distinct interests
in the ecosystems and are subject to a different set of laws, making it challenging to
use the traditional top-down governance approach which is frequently used by
governments (Bellanger et al., 2020).
In view of this, developing countries are often more vulnerable to the impacts
of coastal erosion caused by sea-level rise as they have limited capacity for regulations
to combat climate change adaptations (Hagedoorn et al., 2021). These climate change
induced challenges may have serious effects on human and ecological communities,
as well as ecosystem services (Hagedoorn et al., 2021). Ecosystem-based adaptations
(EBAs), the use of biodiversity and ecosystems to help people adjust to climate
change, are believed to be effective measures for protecting coastlines because they
provide numerous positive environmental, economic, and social benefits for both
humans and the environment (Manuamorn & Xi, 2015; (Hagedoorn et al., 2021).
Examples of EBAs for coastal protection include the use of mangroves, saltmarshes,
and barrier beaches as natural defences against storms and flooding due to sea level
rise (Manuamorn & Xi, 2015; Hagedoorn et al., 2021).
Ecosystem goods and services that marine ecosystems (saltmarshes,
mangroves, coral reefs, oyster reefs, and seagrasses) provide to humans, the
environment, and marine species are fishes and other seafood, carbon sequestration,
erosion control, shoreline stabilization, breeding, and nursery habitats, maritime
transportation, water purification, recreation, tourism, genetic materials, and cultural
activities (Barbier, 2017; Gracia et al., 2018; Hagedoorn et al., 2021). By absorbing
and storing carbon from the atmosphere, mangroves and other coastal ecosystems
minimize erosion and flooding (Manuamorn & Xi, 2015).
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1.1.1 History of Coastal Erosion in Liberia
In Liberia, the problem of coastal erosion is nothing new; it has existed for many years,
and efforts have been made to determine its cause and develop efficient preventative
measures, but the threat is still present and is growing. In 1978, the threat of beach
erosion was alarming which made the Liberian government request the Japanese
government to conduct research to determine the primary cause and to make
recommendations for effective coastal protection (JICA, 1978). The survey was
carried out in three coastal cities—Monrovia (specifically in New Kru Town, West
Point, and ELWA), Buchanan, and Greenville—that were most severely impacted by
beach erosion. The Japanese Government through its representative, Japan
International Cooperation Agency (JICA), gathered data on the factors contributing to
erosion in Liberia and offered a number of actions, the majority of which have not yet
been implemented (JICA, 1978).
Coastal erosion is still a threat to coastal dwellers in Liberia, where more than
58% of the population is now living near the coast in substandard housing (Awange et
al., 2018). Liberia's coastline is vulnerable to coastal erosion due to its low-lying nature
and the presence of depositions and erosional characteristics such as continuous sandy
beaches, lagoons, estuaries, mangroves, and rocky bottoms (JICA, 1978; Alves et al.,
2020). Coastal erosion has led to the destruction of properties and the displacement of
many people in Liberia (UNHCR, 2008; UNDP-Liberia, 2021).
In addition, it is projected that a one-meter sea level rise will cause serious
damage to poorly constructed properties along the coastline, which will be unsuited to
withstand future storm surges (Awange et al., 2018; Egan et al., 2018; UNDP Climate,
2018). Even though nine of Liberia’s coastal cities are currently suffering from some
impacts of coastal erosion, Monrovia, Buchanan, and Greenville are the locations that
are most threatened (UNHCR, 2008; Egan et al., 2018); which correspond with the
JICA's 1978 report.
Coastal erosion is for example currently affecting the Monrovia slum
community of West Point, which has led to the devastation of several homes, schools,
and sanitation facilities as well as the eviction of numerous residents from their homes
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(Hayden, 2018; FPA Staff Reporter, 2019; Clayeh, 2020; Quays, 2020; UNDPLiberia, 2021).
Although many people believe nowadays that sea level rise is the primary
cause of coastal erosion, harmful human activities such as illegal sand mining and
mangrove destruction may also be factors (Mensah, 1997; GIZ, 2018; Gomez et al.,
2020). In addition, a majority of coastal dwellers who depend on fishery for livelihoods
but were overfishing and involved in other harmful practices have led to a decline in
fish catch. As a result, some of these fishers have turned to illegal sand mining as a
new source of income (GIZ, 2018). As an additional effect of the growing population
and the increased coastal activities, mangroves are being destroyed in Liberia for
residential construction and other uses, as the majority of the people may not have a
clear understanding of ecosystem services and EBAs (GIZ, 2018). Findings from JICA
1978 survey also showed that beach erosion was caused by the interruption of sand
supply to the shoreline due to the blockage of sand drift with the construction of
breakwaters, dams, and illegal removal of sand for construction purposes (JICA,
1978).

1.1.1.1 Problem Statement
Many coastal states are affected by the threat posed by coastal erosion, with West
African states being especially vulnerable due to their limited capacity to adapt to the
effects (Alves et al., 2020; Hagedoorn et al., 2021). It is even proposed that if this issue
is not resolved soon the small economic progress made by developing nations may be
reversed and ongoing development efforts may be delayed (Hagedoorn et al., 2021).
Nine of Liberia's fifteen counties, which contain around 58% of its population,
are affected by coastal erosion (UNDP-Liberia, 2021); and the situation is
compounded by the fact that most of these coastal dwellers’ homes are poorly
constructed and therefore unable to withstand the impact of coastal erosion and other
sea level rise impacts (Awange et al., 2018; Wilson, 2019). Coastal erosion has
damaged numerous homes, left many residents homeless, and wrecked numerous
businesses (UNHCR, 2008; UNDP Climate, 2018; Wilson, 2019; UNDP-Liberia,
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2021). In addition, it is projected that a one-meter sea level rise will cause serious
damage to poorly constructed properties along the coastline, which will be unsuited to
withstand future storm surges (Awange et al., 2018; Egan et al., 2018; UNDP Climate,
2018). The government of Liberia has taken some steps to reduce the risk of coastal
erosion by asking for outside assistance in determining the cause and potential
remedies (JICA, 1978), but those recommendations were never followed. More
recently, Liberian authorities has started working with some of its development
partners to build rock revetment walls in some of the worst affected coastal
communities without conducting adequate research or involving the coastal dwellers
fully (UNDP-Liberia, 2019; UNDP-Liberia, 2021).
The Government’s interventions have mainly been triggered by heavy
flooding, the destruction of properties, and the displacement of many residents from
the affected communities (Wilson, 2019). Instead of revising the 1978 JICA report to
reflect present-day coastal protection interventions, they simply react to the situation
at hand and applied quick-fix hard engineering measures which are usually not
effective and are short-lived (UNDP-Liberia, 2018; Wilson, 2019). To fill this gap,
this study intends to build on previous investigations by taking a comprehensive
approach that will consider both the biophysical and socioeconomic aspects of the
coastal zone when dealing with the problem of coastal erosion.
Unlike previous interventions, this study will look into the prospect of adopting
soft methods to address the problem of coastal erosion, which have shown to be
effective in protecting shorelines around the world as well as the multiple benefits they
provide (Gracia et al., 2018).
The researcher will also emphasize the importance of including coastal
dwellers and all important stakeholders in coastal protection decision-making by
interviewing coastal dwellers to learn how coastal erosion has affected their lives and
which preventive measures they prefer. From the research conducted, this study will
provide suggested guidelines that may help to mitigate the threats of coastal erosion in
Liberia.
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1.2 Protection against Coastal Erosion
The coastal zone needs strong protection from coastal erosion since erosion is affecting
and threatening the majority of the world's megacities as they are situated within
coastal zones with dense populations and high economic activity (Gracia et al., 2018).
Regarding the four conventional strategies for combating coastal erosion (hard/soft
protection or hold/advance the line, accommodation, retreat, and sacrifice) (Dronkers
et al., 1990; Williams et al., 2018; Gracia et al., 2018; Rangel-Buitrago et al., 2018),
this research will only focus on the hard/soft or hold/advance the line protective
measure which is commonly used by coastal managers (Alves et al, 2020; Hagedoorn
et al., 2021). The focus of the study is on this protective method because it is also
widely employed in Liberia, as shown by the GoL coastal defence initiatives now
underway in the three communities where this research is being done (UNDP-Liberia,
2021).

1.2.1 Hard Protective Measures used Globally
Hard engineering structures, also referred to as "hard protective structures", are built
with, for example, materials such as stones or concrete, to protect the landward side
from the effects of coastal erosion so that the current land usage can be maintained
(Dronkers et al., 1990 Williams et al., 2018). Although this intervention is commonly
used for coastal protection, it has several drawbacks, including high construction costs,
requiring continuous maintenance, changing the aesthetics of beaches, restricting
public access to portions of beaches, and causing negative environmental effects on
the surrounding environment (Masria et al., 2015; Williams et al., 2018; RangelBuitrago et al., 2018; Gracia et al., 2018; Hagedoorn et al., 2021).
The commonly used hard engineering structures for coastal protection around
the world, and particularly in West Africa, are Groins, Breakwaters, Seawalls,
Revetments, and Dikes (Gracia et al., 2018; Williams et al., 2018; Rangel-Buitrago et
al., 2018; Alves et al., 2020; Hagedoorn et al., 2021).
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Groins
Groins are hard engineering structures constructed perpendicular to the coastline to
intercept longshore sand movement and to keep beach levels stable (Masria et al.,
2015; Williams et al., 2018). Construction of groins is easy and quick because they
can be made from a range of materials such as wood, sheet piles, concrete, and rubble
mound which are made from concrete blocks and sand-filled bags (Masria et al., 2015).
The benefits of groins include their ability to widen beaches, which has the potential
to attract more tourists, and their ability to keep inshore water calmer; while the
disadvantages include high maintenance costs, reduced sediment supply downdrifts,
which may intensify erosion on adjoining beaches, and the fact that groins are only
effective against medium-sized waves (Masria et al., 2015; Williams et al., 2018).
The use of groins for coastal protection is popular in many West African countries, for
example in Ghana and Benin (Alves et al., 2020).

Breakwaters
Breakwaters are coastal erosion mitigation measures that are constructed offshore to
capture and decrease the impact of waves as they approach the coast
(Saengsupavanich, 2013; Alves et al., 2020). Breakwaters are commonly used in West
African harbours to reduce wave impacts on ships (Alves et al., 2020). There are two
types of breakwaters; detached breakwaters which are placed parallel to the coastline
to mitigate coastal erosion (Saengsupavanich, 2013; Masria et al., 2015); and the ones
constructed perpendicular to the coastline for the protection of harbours and
navigational channels from wave actions (Masria et al., 2015). Detached breakwaters
are preferable to groins because they allow for more smooth modification of littoral
transport (or longshore sediment transport) and often reduce the erosion effects on the
downdrifts side (Vaidya et al., 2015).

Seawalls
Seawalls are hard engineering structures constructed parallel to the coastlines that act
as protective barriers they can be made of either concrete or sandbags and they have

7

proven to be effective in providing great protection against flooding and erosion as
they absorb and reflect wave energy (Masria et al., 2015; Williams et al., 2018).
Seawalls act as barriers between land and the sea if they are built and maintained
appropriately, seawalls are extremely durable and are long-term solutions to shoreline
protection (McCloy, 2019; Alves et al., 2020). Strong concrete seawalls are used in
areas that have expensive or important national infrastructure and which are
experiencing extreme erosion (Rangel-Buitrago et al., 2018). Since seawalls are
expensive, they are typically only utilized as a last option when other preventative
measures have failed or are insufficient (McCloy, 2019).
Seawalls have been used for coastal protection in several parts of West Africa,
including Rufisque (Senegal) and Keta (Ghana), but with reports of seawalls
collapsing due to poor construction (Alves et al., 2020). Because the base of seawalls
is constantly exposed to backwash from high-energy waves, they require additional
energy-absorbing aprons such as rock amour or groins to protect its foundation from
being undermined and this increases the cost of the seawalls substantially (Masria et
al., 2015; Williams et al., 2018; Rangel-Buitrago et al., 2018). Even though seawalls
are effective at preventing erosion and overtopping, they are expensive to build and
maintain, low-energy absorbers and can often change the natural beauty of the
coastline and restrict access to the sea (Williams et al., 2018).

Revetments
Revetments are hard protective engineering structures that are constructed parallel to
the coastlines just like seawalls but differ from seawalls in that unlike seawalls which
are almost vertical, they are more sloped to specific gradients (Masria et al., 2015).
Revetments are often used to defend soft features like sand dunes and coastal slopes,
as well as supplement existing defences like seawalls and dikes (Alves et al., 2020).
Revetments, seawalls, and rip-raps are normally built to protect properties and other
vital structures from erosion, rather than just protecting beaches (Rangel-Buitrago et
al., 2018). Compared to seawalls, revetments are cheaper to construct and easier to
maintain (Williams et al., 2018). According to Hagedoorn et al. (2021) and Alves et
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al. (2020), revetments and groins were the conventional approaches used in Ghana for
coastal protection, and even though these measures stabilized a portion of the
Ghanaian shoreline, there were negative impacts on the environment downstream
which necessitated a call for other interventions such as nature-based solutions
Hagedoorn et al., 2021).

Dikes
Dikes are onshore protective structures that are used for protecting low-lying areas
against flooding and coastal erosion (Masria et al., 2015; Alves et al., 2020). Sea dikes
are built as an embankment with fine materials such as sand and clay that gently slopes
seaward to reduce wave effects; and their surfaces are usually strengthened with
grasses, asphalt, stones, or concrete slabs (Masria et al., 2015). Sea dikes are reportedly
the easiest and least expensive hard engineering defences to build, but their main
drawback is that they take up a lot of land and a lot of construction materials (Masria
et al., 2015).

1.2.2 Hard Protective Measures used in Liberia
Just like most coastal nations, Liberia has adopted hard engineering protective
measures to combat coastal erosion (Egan et al., 2018; UNDP-Liberia, 2018; Ministry
of Mines & Energy, Liberia, 2018; UNDP-Liberia, 2019). JICA proposed the
construction of groins (in New Kru Town and Buchanan) and jetties (in West Point
and Greenville) in the 1978 report on beach erosion in Liberia, among other measures
for erosion protection (JICA, 1978); and still, decades later, these hard engineering
measures were never constructed.
With that said, in 2020, the Liberian government built rock revetment walls
along New Kru Town's beachfront using support from the UNDP and the GEF
(UNDP-Liberia, 2021). The project was initiated in response to increased erosion that
nearly destroyed a renowned government school, D-Tweh High School, but without
adequate planning and research to establish its compatibility with the environment and
marine life. A similar project was previously built in Buchanan (from the port of
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Buchanan to the Atlantic Street), and an additional one is expected to be built in West
Point. Even though the aesthetics of the beaches were lost, and the marine life was
threatened, this project is nonetheless regarded as a success by some coastal dwellers
because it provided some relief to locals who were losing their homes to the sea; some
are even asking the government to construct more (Dodoo, 2022).

1.2.3 Soft Protective Measures
Because most coastal managers are reactive rather than proactive when it comes to
addressing the threat of coastal erosion, they prefer to construct hard engineering
protective structures against coastal erosion since it is ideal for post-disaster solutions
(Rangel-Buitrago et al., 2018). However, installing hard structures may in many cases
not be suitable for the locality and do not adequately protect the coast; particularly
when the coast consists of soft materials like sand or clay (Rangel-Buitrago et al.,
2018). To mitigate these adverse impacts while ensuring that the coastal zone is
protected from the consequences of erosion and flooding, it is submitted that coastal
authorities should seek sustainable solutions such as using soft engineering protective
measures that have the potential to deliver a holistic approach to the wellbeing of the
marine environment, ecosystem services, ecosystem-based adaptations (EBAs), as
well as the coastal communities (Gracia et al., 2018; Williams et al., 2018; Mamo et
al., 2022). The use of soft engineering protective measures, also referred to as naturebased solutions, for coastal protection is expanding and is today generally agreed as
being more sustainable and less challenging to maintain than traditional hard
engineering methods (Hagedoorn et al., 2021). Additionally, soft measures provide
additional benefits to marine species and coastal dwellers like nature conservation,
improve biodiversity, provision of valuable habitats, creation of recreational spaces,
carbon sequestration, increase in fish production, and improvement of water quality
(Gracia et al., 2018). Even though soft solutions have many co-benefits, there is still
no consensus on their cost or long-term effectiveness (IPCC, 2015). Coastal authorities
requesting the soft engineering approach should also plan ahead of time because
planning and implementation take time (UNDP Climate, 2020). An illustration of this
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is the mangrove restoration effort in Cuba's provinces of Artemisa and Mayabeque,
which took 10 to 15 years to mature (UNDP Climate, 2020).
Even though building with nature is in its infancy with more research required,
the list below describes the most common measures that today are being implemented
such as sand nourishments (beach nourishment and sand dune stabilization), and
restorations and protections of coastal ecosystems (saltmarshes, mangroves,
seagrasses, and coral reefs) (Masria et al., 2015; Prati et al., 2016; Williams et al.,
2018; Gracia et al., 2018; Alves et al., 2020; de Schipper et al., 2020; Singhvi et al.,
2022;).

Sand Nourishments
There are two main types of sand nourishment, which are beach nourishment as well
as sand dune stabilization (van der Meulen, 2022).

Beach Nourishment
Beach nourishment is the process of transporting sand to a degraded beach and
spreading the sand to enhance the width and height of the beach in order to protect
coastal development from coastal erosion (Masria et al., 2015; van der Meulen et al.,
2015; van der Meulen, 2022). The two types of beach nourishment are foreshore
nourishment and on-beach nourishment (van der Meulen, 2022).
According to van der Meulen (2022), foreshore nourishment involves the
dumping of sand in shallow or deep water close to the shore, for currents and waves
to feed the beach while simultaneously acting as a storm wave barrier. On-beach
nourishment, on the other hand, involves dumping and distributing sand on the beach
to be used as a continuous source of sand supply. Beach nourishment is thought to
reduce the detrimental impacts of coastal erosion by providing additional sediments to
the eroded coast; maintaining the aesthetics of the beach; and positively impacting
adjacent beaches through the redistribution of the sediment by longshore drift (Masria
et al., 2015; Alves et al., 2020).
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A significant and special case of beach nourishment is the Sand Motor project,
which is located along the Delfland coast, close to The Hague in the Netherlands (Taal
et al., 2019; van der Meulen, 2022). Even though beach nourishment has many
advantages, it also has several challenges such as the huge cost associated with the
need for constant re-nourishment, finding enough and appropriate sand, the accidental
destruction of marine species during the nourishment process, and its short lifetime
(Masria et al., 2015). Beach nourishment has been used in many West African coastal
cities but could not be sustained due to the huge cost of re-nourishment every two to
three years (Alves et al., 2020).

Sand Dune Stabilization
Sand dunes are naturally formed deposits that are created by wind that act as
sedimentary reserves just landward of the beach which are used for coastal protection
and sand replenishment for beaches that have deteriorated (Masria et al., 2015; Gracia
et al., 2018; Alves et al., 2020; van der Meulen, 2022); as well as habitats for
specialized plants and animals (Masria et al., 2015). Successful examples of instances
where dune vegetation was employed as a coastal erosion management strategy
include Papamoa, a coastal village on the Bay of Plenty in New Zealand (Gracia et al.,
2018); and also the Dutch dune coast compensation management target in the
Netherlands (van der Meulen et al., 2015; van der Meulen, 2022).
Sand dune stabilization is the process of stabilizing, building, or repairing
dunes by using location and structural controls (Masria et al., 2015). By capturing and
stabilizing wind-blown sand, vegetation on dunes promotes dune growth (Masria et
al., 2015; Gracia et al., 2018). This vegetation can also be transplanted to encourage
the growth of new fore dunes along the existing dunes' toes (Gracia et al., 2018). Sand
dune toe is the line dividing the dunes' seaward edge from their backshore border (van
IJzendoorn et al., 2021). Dune stabilization is less expensive than hard protective
structures, but the main disadvantage is that it requires more area for the dune to
develop, which reduces beach fronts (Masria et al., 2015).
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Restorations and protections of coastal ecosystems (saltmarshes, mangroves,
seagrasses, and coral reefs)
Saltmarshes
Saltmarshes are specific kinds of wetlands that are characterized by the presence of
small plants and grasses in low and wet muddy areas that are frequently inundated by
brackish water, making them particularly productive due to the constant supply of
nutrients (Singhvi et al., 2022; van der Meulen, 2022). Saltmarshes can provide coastal
protection by reducing wave energy reaching the coast, trapping sediments, and
absorbing water (Singhvi et al., 2022; Willemsen et al., 2022; van der Meulen, 2022).
The level of protection provided by saltmarshes depends on the width of the marsh,
where the width is positively correlated to greater protection (Willemsen et al., 2022).
For optimal results, saltmarshes work well in protecting the coast when used in
combination with sea dikes (Singhvi et al., 2022). The two major threats to saltmarshes
however are pollution and land reclamation (van der Meulen, 2022).

Mangroves
Mangroves are salt-tolerant trees or plants that grow in estuaries, bays, coastal lagoons,
coves, and other intertidal areas in tropical or subtropical climates that offer a range of
ecosystem goods and services, including coastal protection (Gracia et al., 2018; FAO,
2020; Olatunji & Charles, 2020; van der Meulen, 2022). The extensive roots of
mangroves enable them to trap and reduce wave energy passing which protects the
coast from erosion (Masria et al., 2015; Gracia et al., 2018; Gijón Mancheño et al.,
2021). Because of their ability to drastically limit wave energy by up to 15–65%,
mangroves act as a buffer zone and mitigate against coastal erosion and are sometimes
referred to as "coastal engineers" (Gracia et al., 2018).
It is also important to note that the depth of mangrove forests along the coast
plays a crucial role in determining the degree of erosion protection that they can
provide, as a narrower band of mangrove along the shoreline can only reduce or offer
protection from milder wind and wave energies, whereas more extensive depths of
mangrove forest can reduce the erosive impacts of severe storm surges and tsunamis
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(Gracia et al., 2018). Mangrove roots are also able to expel salt, which aids in water
purification; and trap about 70-80% of suspended sediment, and also play an important
role in terms of carbon capture and storage – a process which is referred to as ‘blue
carbon’ (Gracia et al., 2018; Gijón Mancheño et al., 2021). In addition to providing
coastal protection, mangroves also serve as a nursery and breeding ground for a variety
of marine species, as well as recreational areas for tourists and coastal dwellers.
Despite these benefits or ecosystem services, mangroves are under extreme
pressure from destructive human activities like coastal development, aquaculture
farming, and other similar activities (Olatunji & Charles, 2020; Gijón Mancheño et al.,
2021; Strain et al., 2022). When mangroves were removed in Guyana (South
America), coastal erosion increased, but in Indonesia, where mangroves were
preserved, shorelines were better protected against coastal erosion, according to Gracia
et al. (2018). Compared to breakwaters and other hard protective structures,
mangroves and saltmarshes are far cheaper alternatives for coastal protection, but only
require more land to be highly effective (Strain et al., 2022). Additionally, because
mangroves take between 10 to 15 years to fully mature, using them as coastal
protection should be considered in long-term planning (UNDP Climate, 2020).

Seagrasses
Seagrasses are the only flowering plants that can grow completely underwater (Gracia
et al., 2018). Seagrasses form dense meadows on the seabed and are important natural
ecosystems that provide a variety of ecosystem services, such as water filtration, food
production, nurseries, carbon capture and storage, and coastal protection (Gracia et al.,
2018; Brodie et al., 2020; James et al., 2020). Seagrass meadows provide effective
coastal protection by reducing waves and tidal currents, and also by stabilizing the
seabed by changing the bottom roughness of the sea (Gracia et el. 2018; James et al.,
2020). Because of their flexible leaves, which capture and reduce wave energy,
seagrass meadows are often so effective in providing coastal protection that they can
replace the need for beach nourishment (James et al., 2020). However, anthropogenic
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activities, together with climate change, and unsustainable fishing practices are the
major threats to healthy seagrass meadows (James et al., 2020; Brodie et al., 2020).

Coral Reefs
Coral reefs are the most diverse marine ecosystems that are found in warm waters in
the tropics and subtropics (Gracia et al., 2018). Similar to mangroves and seagrasses,
coral reefs have many important ecological functions but regarding coastal protection,
coral reefs provide a buffer with energy dissipation and sediment generation, thereby
creating naturally occurring underwater breakwaters (Gracia et al., 2018). In the long
time scale, coral reefs can also generate sediments that are used to feed the coast and
keep the shoreline stable (Gracia et al., 2018). The value of coral reefs in coastal
protection has been demonstrated in the Dominican Republic, where erosion rates
increased between 65-100 percent throughout the southeast side of the country ten
years after coral reefs were lost. (Gracia et al, 2018). Since mangroves, seagrass, and
coral reefs often live adjacent to each other, they combine to supply essential marine
ecosystem goods and services, providing strong and efficient coastal protection
(Carlson et al., 2021), see fig. 1. It is important to note that mangroves are abundant
along the coast of Liberia and, as such, are more relevant (Olatunji & Charles, 2020).
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Fig. 1. Primary interactions between mangroves, seagrass, and coral reefs
Source: (Carlson et al., 2021)

1.3 Governance Approaches for the Coastal Zone
Decision-makers around the world face the challenge of protecting coastlines in ways
that preserve or enhance the natural environment while also upholding societal
interests due to numerous physical, social, and political issues such as national and
local policies and laws, competing interests of various users, and cultural beliefs of
coastal dwellers (Creel, 2003; Bellanger et al., 2020). It is as well complicated to
choose a suitable governance framework for the marine and coastal zones because
there are so many competitive industries and stakeholders involved, each of which has
a different interest and stake that these valuable habitats provide. These industries
include marine biodiversity conservation, tourism, fishing, farming, aquaculture,
forestry, manufacturing, power generation, waste disposal, marine transportation, and
real estate development (Creel, 2003; Bellanger et al., 2020). A strong administrative
framework that will ensure efficient and comprehensive management of the coastal
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zone while prioritizing the interests and wellbeing of the coastal residents is necessary
to close this gap (Creel, 2003; Bellanger et al., 2020).
In general, governance is defined as decision-making and decisionimplementation processes, with two approaches: technocratic top-down (or command
and control) and participatory bottom-up (Rose-Ackerman, 2016; Stöfen-O´Brien,
2022). The technocratic top-down approach places all decision-making under the
control of the central government or authority while the participatory bottom-up
strategy incorporates power-sharing and guarantees that all stakeholders are involved
in the creation and execution of policies and regulations (Stöfen-O´Brien, 2022).
The multiple uses and strong competition of the coastal zones by different
actors make the traditional top-down command and control approach to coastal zone
governance insufficient (Garmendia et al., 2010; Bellanger et al., 2020). Traditional
hard engineering measures together with the technocratic top-down approach have
been unable to adequately address current issues related to coastal zone management
due to their failure to take into account all stakeholders and to address the complex
socio-ecological issues of the land-sea interface, drawing more focus to the
participatory bottom-up approach (Garmendia et al., 2010). It is important to keep in
mind that controlling coastal erosion requires more than just implementing one of the
four protective measures; it needs a comprehensive approach that makes use of
science, technology, politics and policies, and the input of all stakeholders, many of
whom have differing opinions and needs that need to be properly managed (Lebel,
2012; Prati et al., 2016; Rangel-Buitrago et al., 2018).
A study conducted by Schmidt et al. (2013) demonstrated why the traditional
top-down approach was insufficient to address the threat of coastal erosion. The
analysis demonstrated that important stakeholders in Portugal wanted to participate in
decision-making, but their decision-makers believed that due to the technical nature of
the problem, only scientists and engineers were required to address the threats of
coastal erosion and how the problems should be addressed. Another study conducted
by Karlsson et al. (2015) in southern Belize supported the aforementioned findings by
revealing that some other challenges or losses are invisible that call for deep
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understanding and unique considerations in addition to technical solutions for
mitigating the threat of coastal erosion. Furthermore, it should also be noted that the
pursuit of economic gains is the primary driver of the majority of anthropogenic
pressures on the coastal zone, therefore it is essential to consider the financial security
of coastal dwellers when formulating laws and regulations for the coastal zone (Costas
et al., 2015). For these reasons, decision-makers should take into account alternative
sources of income for coastal inhabitants when implementing measures to protect the
coastlines because many coastal residents prefer to live in risky areas like coastal zones
and deal with potential threats once they are making financial gains (Costas et al.,
2015).
Another important issue in efficient marine environmental management is the
issue of property rights or ownership. The ownership of environmental assets, unlike
other privately or personally owned things, are frequently unknown because they are
seen as public goods, making them vulnerable to a number of external problems (Ma,
2020). To fix this problem and ensure proper environmental management, a designated
institution must be established to assume ownership of this sector and develop laws
and regulations to safeguard it, as well as oversee the equitable and sustainable use of
its resources.

1.3.1 Coastal Zone Governance in Liberia
A search of national documents showed that there is currently no coastal zone policy
for Liberia; rather, the National Environmental Policy and Environmental
Management Law of Liberia are the two main legal instruments in use for the overall
management of the environment (Wilson, 2019). The environmental policy and law
are for both onshore and offshore environments which include land, terrestrial, coastal,
marine, airspace, etc.; and not specifically for the coastal zone.
The EPA is the regulatory body of the Government of Liberia (GoL), and it is
in charge of all environmental management, including policy creation and
implementation of both environmental policy and environmental law (MoFA, 2002).
The MME is another GoL ministry involved in environmental matters in Liberia,
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although its primary duty is to oversee all mineral, water, and energy resource
discovery, coordination, and development operations (Wilson, 2019).
Coastal zone governance and management are essentially new topics in
Liberia, and discussions are underway to determine the best course of action for an
integrated and sustainable management of the coastal zone, always bearing in mind
capacity and funding difficulties that the national government is faced with (Wilson,
2020; UN CTCN, 2021). The need for developing a framework document for the
creation of an integrated coastal zone management (ICZM) plan for Liberia's coastal
zone was highlighted in the 2019 technology needs assessment (TNA) report and
discussed further in the 2020 follow-up report, which also discussed potential barriers
to the creation of the ICZM plan (Wilson, 2019; Wilson, 2020). According to these
reports, challenges concerning coastal zones are not being addressed in a coordinated
manner due to a lack of coastal zone policy.

1.4 Aims and Objectives
The study aims to determine why coastal erosion continues to occur in Liberia despite
numerous attempts made by the GoL to resolve it; to determine whether soft coastal
protective measures can be adopted for coastal protection, and to provide decisionmakers with suggested guidelines that could offer long-term solutions to the threat of
coastal erosion.

The objectives of the study are:
1) To investigate governmental policies and measures for combating coastal
erosion in Liberia.
2) To examine the reason for which coastal erosion continues to occur in Liberia.
3) To assess the impact of coastal erosion on the selected coastal communities in
Liberia.
4) To discuss the potential of using soft engineering structures to protect the
coastal areas.

19

1.5 Research Questions
1) What governmental policies and measures are in place for the protection of the
Liberian coast against coastal erosion?
2) What is the main reason for the continuous occurrence of coastal erosion in
Liberia?
3) How is coastal erosion impacting the lives of coastal dwellers within the
selected coastal communities of the Liberian Coast?
4) What is the evidence that the use of soft engineering structures could help
prevent coastal erosion in Liberia?

1.6 Significance of the Study
This study is significant because it will consider whether soft measures, which are
generally more affordable and have a number of positive environmental and socioeconomic benefits, can be used to protect the coastline from coastal erosion. It will
also emphasize the necessity of involving all significant stakeholders in coastal
management processes – something that is fairly novel in the Liberian context. The
results of this study will fill in a scientific knowledge gap about the current status and
prospects of the coastal zone, as well as provide vital information and guidelines that
can be used by both academics and policymakers.

1.7 Scope of the Study
The geographical scope of the study is the coast of Liberia, with a particular focus on
the following identified coastal communities: West Point, New Kru Town; and
Buchanan. These three settlements were chosen because of the severity of coastal
erosion in each, as well as the construction of rock revetment walls by the GoL in two
of them, with another set to begin soon. As a result, this study aims to gather data on
the effectiveness of these interventions and, if they are ineffective, to offer alternatives.
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2.0 MATERIALS AND METHODS
This chapter will describe the study site; provide information on the research method
and data collection, and the type of method used to analyze the data.

2.1 Study Sites
Nine of Liberia's fifteen counties are situated on the coast, and all the coastal counties
face the threat of coastal erosion (UNDP-Liberia, 2021). Three communities from two
of these coastal counties were selected for the study due to the frequent occurrence of
coastal erosion that in these communities has damaged many properties and displaced
thousands of residents (see further below). The communities are as follows: West
Point, the Borough of New Kru Town, and Buchanan, all of which are located in
Montserrado and Grand Bassa Counties (see fig. 2). Another reason these communities
were chosen for the study was to assess the state of the government's coastal defence
projects that have been built in the Borough of New Kru Town (Monrovia), to ascertain
information on the downdrifts effects of the one built along the Atlantic Street in
Buchanan, as well as the viability of the one scheduled for West Point (Montserrado
County).
Although all three communities provided primary data for this study through
interviews, West Point is the study's principal area because it is now considered the
most vulnerable community in Monrovia by coastal erosion (Yeung, 2022). About 30
meters of West Point's coastline have been eroded, destroying more than 670 families'
homes, forcing them to leave their homes and dropping West Point's population from
85,000 to 50,000 in barely a decade (FPA Staff Reporter, 2019; Yeung, 2022).
Furthermore, the erosion destroyed sewage facilities, schools, and a whole soccer field,
as well as coconut palms planted along the shoreline. The residents of West Point are
in desperate need of help, so the author sees this research as a useful tool that could
provide useful guidance to the Liberian government and its development partners on
the way forward, especially as they embark on a project to build coastal defence
revetments in West Point as part of the Monrovia Metropolitan Climate Resilience
Project (UNDP-Liberia, 2021).
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Fig. 2. Political subdivisions map of Liberia
Note: Political subdivision map of Liberia with the two study sites. Source: (d-maps.com, 2022)

West Point is a township in Liberia's capital city of Monrovia that is located at Latitude
6° 19' 38.28" N and Longitude -10° 48' 23.04" W (Google map; see fig.3). West Point
is a densely populated slum community that is situated on a man-made peninsula that
was created in the 1940s from dredged materials removed from the building of
Liberia's first maritime port. This township is situated on a low-lying landmass that
extends into the Atlantic Ocean, making it susceptible to coastal erosion. The majority
of the housing units at West Point are constructed very close to the coast and lack
sanitary services, making it the poorest community in Monrovia. About 50% of West
Point residents depend on fishery for their source of income and a substantial
percentage of them are involved with small businesses.
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Fig. 3. Map of West Point
Note: Map of the main study site, West Point, which is located in Monrovia, the capital city of Liberia.
Source: (Google Earth, 2022)

2.2 Research Design and Data Collection
The primary data for this study were gathered through structured interviews, and
secondary data were gathered by reviewing relevant literature and government reports.
The structured interview method is a data collection method that uses a predetermined
set of questions to interview participants in the same order to ensure credibility,
reliability, and validity (George & Merkus, 2022). Structured interviews are often
closed-ended, with less room for deviation from the predetermined questions, making
them simpler to conduct in less time. This approach was suited for this study because
it is a straightforward, cost-effective, and efficient procedure that can be completed
quickly and easily. This approach is also considered to be more reliable than others
since the questions are carefully chosen in advance and all participants are asked
identical questions in the same order (George & Merkus, 2022).
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Two sets of interview questions were prepared, one for the government officials and
the other for the coastal dwellers (including fishers) because the author wanted to
gather two different pieces of information from the participants. The research also
aimed to examine about existing government policies and plans for combating coastal
erosion, while at the same time wanting to know how the erosion was affecting the
lives of the coastal dwellers too. Except in a few cases, the interview questions for
both government officials and coastal dwellers consisted of four multiple-choice
options (a-d), with option (d) being 'others,' which asked for further responses that
were not specified. The questions for government officials were 18, but when they
were entered them into Google Forms, they increased to 34 because all of the options
for 'others', along with binary questions, were written as individual questions. The
coastal dwellers' questions, which were originally numbered 12, were later increased
to 22 when submitted using a Google Form for the same reasons as the government
officials'. The four multiple-choice options were essentially the same, with option (d)
requesting more details note stated.
The interviewing process lasted from May 26, 2022, to July 30, 2022. On May
11, 2022, a submission to WMU's Research Ethics Committee (REC) was made for
ethical approval as part of the university’s requirement. While awaiting REC’s
approval, the author sent the two sets of interview questions to her representative in
Liberia who helped to conduct the interview on her behalf for his review. He reviewed
them and requested necessary clarifications, which were provided in detail. The
author’s request was approved by REC on May 24, 2022. Following that, the first
interview was conducted on May 26, 2022.

2.2.1 Interview of Government Officials
The approach used is what George and Merkus (2022) have called "judgment
sampling" to choose the two government entities (the Environmental Protection
Agency and the Ministry of Mines & Energy) to conduct the government officials'
interviews because these entities are in charge of Liberia’s environmental affairs.
Judgement sampling, also known as purposive sampling, is the process through which
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a researcher chooses a sample that is most valuable for a research work based on his
or her knowledge and judgment (George and Merkus, 2022). Because it is difficult to
contact government officials in Liberia, the author wrote to friends who knew officials
from each of the entities to ask for permission to be interviewed, and those who agreed
to the interview sent the author their contacts (email addresses and WhatsApp
numbers) for further discussions and subsequent interview arrangements. Initially, it
was planned to interview at least thirty government officials from the two entities,
ranging from top to lower level management, to compare and contrast more
perspectives from a cross-section of the ministries, but this was not possible due to the
significant bureaucratic hurdles involved in reaching the officials. Additionally, some
of the few officials who initially consented to the interview did not participate due to
busy schedules. As a result, only five interviews were conducted, two from the
Ministry of Mines & Energy and three from the Environmental Protection Agency.
The face-to-face interviews lasted between eight to ten minutes and were conducted at
the officials’ offices. The interview questions (appendix 1) mainly focused on
government interventions for coastal zone protection against the wave of erosion and
flooding and available coastal zone management policies.

2.2.2 Interview of Coastal Dwellers
Ten respondents were randomly chosen from each of the three designated coastal
communities for the interviews via convenience sampling, and in some instances, with
the assistance of community leaders. Contrary to the government officials, many
residents were willing to be interviewed. The face-to-face interviews lasted
approximately 5 minutes and were mostly conducted at the respondents' homes, except
for the fishermen, who were at their fishing piers along the coast. Basic sociodemographic data, respondents’ perceptions of coastal erosion, and if and how coastal
erosion affected them were the main focus of the interview questions (appendix 2).
The questions were written as simply as possible and avoided difficult language or the
use of scientific words, keeping in mind the educational level of the coastal dwellers.
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2.2.3 Relevant Literature and Government Reports
To collect relevant data for this study, the author firstly used the Scopus database
search engine and imputed keywords taken from the research questions (see Section
1.5) and generated from the literature review. The author read through most of the
abstracts and conclusions of those articles and selected a few useful ones for the study.
Next, a snowballing approach was applied to find more articles from the articles.
Hurkmans (2022) defines snowballing as the process of finding additional references
by using a key documents concerning your topic as a reference point. Regarding
national documents and reports, the author used the Google search engine and imputed
key search words. The author also consulted the Environmental Protection Agency
(EPA) and Ministry of Mines and Energy’s websites.

2.3 Data Analysis
The data collected from the structured interview were analyzed with descriptive
statistics, a method for efficiently, logically, and effectively calculating, describing,
and summarizing acquired research data with the use of visual representations (Vetter,
2017). The raw data from Google Forms was downloaded into Microsoft Excel 2016,
and several pie charts were generated to display key results in percentile
representations. Following that, the charts were imported into PowerPoint 2016 and
organized into categories such as basic socio-demographic features, causes and effects
of coastal erosion, and government intervention and policies.
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3.0 RESULTS
This chapter presents the research results both in figures and in running texts.

3.1 Government Officials
3.1.1 Basic Information about Respondents and their Entity
This study had a target of 30 respondents, however, due to the high bureaucracy
involved in reaching the Government of Liberia (GoL) officials, only 14 percent (5
persons) were able to respond to the interview (see fig. 4, where n represents the
sample size or number of respondents). About 60% (3 persons) of those who
responded to the interview questionnaires were from the Environmental Protection
Agency (EPA), and 40% (2 persons) were from the Ministry of Mines and Energy
(MME) (fig. 4a). About 80% (4 persons) of the respondents were male, and 20% (1
person) was a female (fig. 4b).
Of note, 67% (2 persons) of EPA’s respondents stated that their agency was in
charge of policy creation, while the other 33% (1 person), along with all respondents
(2 persons) from the MME, which together make up 60% of the entire respondents,
stated that the Agency and Ministry were responsible for both policy creation and
execution, respectively (fig. 4c).
When asked what type of governance structure was in place for the coastal
zone management, 67% (2 persons) of EPA’s respondents indicated it was a
technocratic/top-down structure, while the other 33% (1 person), along with all
MME’s respondents, which together make up 60% of the entire respondents, stated
that it was a participatory/bottom-up governance structure. (fig. 4d).
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Fig. 4. Basic Information about Respondents and their Entity
Note: ‘n’ represents the sample size or number of respondents

3.1.2 Engagement of Coastal Dwellers by GoL Officials
When asked if government officials can involve coastal dwellers in key decisionmaking regarding the coastal zone, all respondents replied yes (fig. 5a). 80% (4
persons) stated that they did so before and during policy formulation, while 20% (1
person) said it was only during the policy implementation/compliance stage that
coastal dwellers were involved (fig. 5b). The 80% (4 persons) who said that they can
engage the coastal dwellers before and during policy formulation further said that they
can achieve this through community meetings with the coastal dwellers themselves,
while the 20% (1 person) who can only engage the coastal dwellers during policy
implementation/compliance stage said that this can be done through meetings with the
community leaders on behalf of the coastal dwellers (fig. 5c).

28

Fig. 5. Engagement of Coastal Dwellers by GoL
Note: ‘n’ represents the sample size or number of respondents

3.1.3 Coastal Zone Policy
To preserve and develop the coastal zone in a way that fosters a secure and welcoming
environment for coastal inhabitants to pursue their livelihoods while also maintaining
the health of the marine ecosystem, institutions and other interested parties must follow
a set of general guidelines or regulations, known as a coastal zone policy (Ministry of
Water Resources, Republic of Bangladesh, 2005).
The adequacy of the coastal zone policy was rated by the respondents on a
scale of 1 to 5, with 1 being not adequate and 5 adequate. 40% (2 persons) of the
respondents, chose 2 and 3 (which signify barely and fairly adequate respectively),
while another 40% (2 persons) chose 4 (which suggests substantially adequate), but
the final respondent, representing 20%, indicated that he was unaware of any coastal
zone policy in place for Liberia (fig 6a). All of the 80% (4 persons) of respondents
who confirmed the existence of a coastal zone policy also claimed that the coastal
dwellers complied with it to a limited extent because the majority were unaware of it
and a small number merely did not want to comply (fig. 6b & c).
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Fig. 6. Coastal Zone Policy
Note: ‘n’ represents the sample size or number of respondents

3.1.4 Main Causes of Coastal Erosion
Regarding the primary cause of coastal erosion, 40% (2 persons) of the respondents
said that it was due to climate change, 20% (1 person) said it was due to human
activities, while the remaining 40% (2 persons) respondents said that it was due to both
climate change and human activities (fig. 7a). When asked which human activity was
contributing the most to coastal erosion, 80% (4 persons) of the respondents said it
was due to illegal sand mining, while the remaining 20% (1 person) twenty percent
respondent said it was deforestation of mangrove forests (fig. 7b).
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Fig. 7. Main Causes of Coastal Erosion
Note: ‘n’ represents the sample size or number of respondents

3.1.5 Threats to Coastal Communities, most Threatened Communities, and GoL
Interventions against Coastal Erosion
The respondents were asked to rate the threat coastal erosion poses to coastal dwellers
on a scale of 1 to 5, with 1 representing no threat and 5 representing a high threat. 80%
(4 persons) chose 5 (signifying high threat) while 20% (1 person) chose 4 (substantial
threat) (fig. 8a). When asked which of the listed communities was most threatened by
the erosion, 60% (3 persons) of the respondents said it was West Point, and the
remaining 40% (2 persons) chose all of the listed communities (fig. 8b). The
respondents were also asked about GoL’s plan for rescuing the threatened
communities, and 80% (4 persons) stated that it was the construction of additional hard
protective structures, while 20% (1 person) said it was to relocate coastal dwellers to
safer areas (fig. 8c). All of the respondents further stated that the hard protective
measure adopted by the GoL for coastal protection was the construction of revetments
(fig. 8d).
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Fig. 8. Threats to Coastal Communities, most Threatened Communities, & GoL’s Interventions
Note: ‘n’ represents the sample size or number of respondents

3.1.6 Efficiency of Hard Protective Measures and Prospects for Soft Measures
Concerning the efficiency of the GoL’s built hard protective structures, all 100% (5
persons) of the respondents said that the hard structures were very efficient, with 60
and 40% selecting 5 and 4 respectively on a scale of 1 to 5, with 1 signifying not
efficient and 5 indicating high efficiency (fig. 9a). When asked if they had considered
using soft measures for coastal protection, 60% (3 persons) said yes and 40% (2
persons) said no (fig. 9b). The 60% who stated that the GoL has considered the use of
soft measures further disclosed that mangrove forest restoration and trees planting
along beaches were the methods under consideration, but that it would be premature
to comment on its success rate now because the soft measures were still being
implemented (fig. 9c & d).
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Fig. 9. Efficiency of Hard Protective Measure and Prospects for Soft Measures
Note: ‘n’ represents the sample size or number of respondents

3.2 Coastal Dwellers
3.2.1 Socio-economic and Demographic Profiles
Unlike GoL officials, who were difficult to reach for interviews, the coastal dwellers
(including fishers) were eager to engage in the process. The study targeted 30
respondents, 10 from each of the three communities (West Point, New Kru Town, and
Buchanan), and this target was achieved. Everyone who was contacted responded to
the interviews (see fig. 10, where n represents the sample size or a number of
respondents). 70% (21 persons) of the respondents were male, while 30% (8 persons)
were female (fig. 10a). 36% (11 persons) were high school graduates, 27% (8 persons)
were high school dropouts, 20% (6 persons) received informal education, 10% (3
persons) graduated from college, and 7% (2 persons) are now enrolled at a university
(fig. 10b). Most of the respondents, 28% (8 persons), were between the ages of 46 and
55, and the smallest age group was between the ages of 18 and 25 and was just 3% (1
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person) of the respondents (Fig. 10c). Regarding their main sources of income, 37%
(11 persons) of the respondents rely on fishing; 27% (8 persons) on small businesses;
23% on various businesses such as commercial driving, teaching private schools,
running local NGO, plumbing, etc.; 10% (3 persons) on government jobs (civil
servants), and 3% (1 person) on transportation using canoes or boats for their survival
(fig. 10d).

Fig. 10. Socioeconomic and demographic profiles of coastal dwellers
Note: ‘n’ represents the sample size or number of respondents

3.2.2 Definition, Causes, Impacts, & Coastal Dwellers’ Preferred Method for Coastal
Protection
A majority of the respondents (83%) defined coastal erosion as the wearing down or
washing away of land by the sea, whereas 10% (3 persons) and 7% (2 persons) stated
that it was sea level rise and the loss of coastal land due to rocks and sediment removal,
respectively (Fig. 11a). In terms of the main cause of coastal erosion, 63% (19 persons)
believed that it was due to heavy rainfall, while 20% (6 persons) believed that it was
due to sand mining, 10% (3 persons) believed it was due to heavy storm, and 7% (2
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persons) believed it was due to superficial beliefs such as “the burial of babies closer
to the ocean” or “the coming of the new moon” (Fig. 11b). When asked how coastal
erosion was impacting their lives, 97% (29 persons) said that it was damage of their
homes while the remaining 3% (1 person) said it was flooding of their community (fig.
11c).

Fig. 11. Definition, Causes, & Impacts of Coastal Erosion
Note: ‘n’ represents the sample size or number of respondents

3.2.3 Evaluation of GoL’s Implemented Protective Measures and Coastal Dwellers’
Preferred Method for Coastal Protection
About half of the respondents (50%), who were mainly from New Kru Town and a
few from Buchanan, stated that the GoL had implemented some coastal protective
measures, while the other half (50%), mainly from the West Point, said the GoL was
yet to do so (fig. 12a). When asked which protective measure the GoL had
implemented, all 50% (15 persons) of those who verified that the GoL had undertaken
coastal protection measures stated it was hard engineering protective measures (fig.
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12b). These same 15 respondents were asked to rate the effectiveness of these hard
protective structures on a scale of 1 to 5, with 1 representing not working and 5
representing excellently working. 73% (11 persons) chose 2 (barely working), 13% (2
persons) chose 3 (average working), 7% (1 person) chose 1 (not working), and 7% (1
person) chose 5 (working excellently) (fig. 12c).
Because it was clear that the GoL's implemented measures were ineffective,
coastal residents were asked to determine which protective intervention they wanted
the GoL to implement in the future. Only 17 people responded, and all said they
wanted the GoL to build more hard protective structures to protect them from coastal
erosion (fig. 12d).

Fig. 12. Evaluation of GoL’s Implemented Protective Measures and Coastal Dwellers’ Preferred
Method for Coastal Protection
Note: ‘n’ represents the sample size or number of respondents
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4.0 DISCUSSION
This chapter interprets and discusses the result of the study in relation to the literature
reviewed and other relevant documents.

4.1 Policies and Protective Measures for Coastal Protection
4.1.1 Governance
Most Government of Liberia (GoL) representatives claimed that the coastal zone had
a participatory bottom-up form of governance in which all significant stakeholders,
particularly coastal dwellers, were involved in the formulation and implementation of
the coastal zone policy and that they do engage the coastal dwellers through various
community meetings. However, as explained under section 1.1.1.1 (problem
statement) of chapter one, this information differs from what actually occurs.
As reported, the majority of the GoL's interventions against coastal erosion are
carried out in reaction to disasters rather than based on long-term preventive planning
(UNDP-Liberia, 2019; Wilson, 2019; UNDP-Liberia, 2021). Those who are in charge
of the coastal zone often wait for disasters to occur before reacting with quick and
substandard fixes, which are short-lived and often not suited for the environment.
Because public participation and research requires time, there is unfortunately often
no time allocated for such activities when disasters occur, so the authorities often
choose the most practical solution at hand and just impose it onto the coastal
communities. It is questionable to call this type of governance participatory since it
does not entail back-and-forth communication with all key actors. This type of
practices is just information dissemination, which is simply a one-way communication
(Rüfenacht et al., 2021) which does not allow the coastal dwellers to have a say in
what has been imposed on them.
The marine and coastal zone need a participatory form of governance that takes
into account both the physical and biophysical features of the environment as well as
the complicated socio-ecological concerns at the land-sea interface. Particularly, since
studies have shown that the usual technocratic top-down command and control
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strategy is unable to manage the affairs of the coastal zone as there are numerous users
with a range of interests (Garmendia et al., 2010; Lebel, 2012; Prati et al., 2016;
Rangel-Buitrago et al., 2018; Bellanger et al., 2020).
The aforementioned was supported by studies conducted by a number of
different studies (Schmidt et al., 2013; Karlsson et al., 2015; Coastal et al., 2015).
Coastal dwellers in Portugal for example sought to participate in decisions about
managing their coastal zone, but authorities excluded them because they believed that
dealing with the threat of coastal erosion required scientists and engineers, given its
technical nature (Schmidt et al., 2013). According to another research done in Southern
Belize, cultural concerns including norms, beliefs, and sacred values were key issues
that impacted the lives of coastal dwellers, particularly if they are forced to relocate
(Karlsson et al., 2015). The economic well-being of coastal dwellers is another crucial
issue that coastal zone authorities must take into account because it is the main reason
behind detrimental anthropogenic activities that compromise the natural makeup of
the coastlines and eventually lead to coastal erosion (Coastal et al., 2015; Wilson,
2020). With these examples, the need for a holistic approach to coastal zone
governance is imperative and cannot be overemphasized.

4.1.2 Policy
According to Wilson (2020) and UN CTCN (2021), there is currently no coastal zone
policy in Liberia, even though 80% of GoL respondents claimed such policies are
available and is enough to manage coastal zone concerns. Coastal zone management
in Liberia is carried out per the country's National Environmental Policy (NEP) and
Environment Protection and Management Law (EPML), which serve as the two main
administrative tools for the country's environmental sector. Rather than drawing on
this national environmental policy framework document to develop a precise coastal
zone policy, the coastal authorities have chosen to utilize it just like that, even
considering it adequate for the management of the coastal zone.
The GoL officials' responses affirming the existence of a coastal zone policy
either indicate that they misunderstood the interview question or that they are unable
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to distinguish between a general environmental policy and a coastal zone policy. This
discovery is both surprising but also concerning because if those tasked with regulating
Liberia's environmental and resource sectors are unaware of such critical information,
it shows that there is a gap that needs to be addressed.
An integrated coastal zone management policy that controls the economic,
social, and cultural needs of the coastal zones is necessary for the effective and
sustainable management of coastal zones (Bellanger et al., 2020; Ratnayake & Perera,
2022).
On the other hand, currently, an integrated coastal zone management plan
framework is in fact being developed for the coastal zone of Liberia (Wilson, 2019;
Wilson, 2020; UN CTCN, 2021). This proposed ICZM framework document's
capacity to survive rests on the GoL's political will (Wilson, 2020). If successful, this
plan will establish policies for the coastal zone that will be used to regulate this critical
sector and ensure sustainable and inclusive management (Wilson, 2020).

4.1.3 Protective Measures
According to this research findings, the GoL has adopted the use of hard protective
engineering structures, specifically rock revetments, for coastal protection. The usage
of these hard protective structures against coastal erosion was also preferred by coastal
dwellers for coastal protection, either because they were unaware of other suitable
measures or because those already constructed in their communities provided them
with temporary relief. Without more extensive research to ascertain the suitability of
this structure for coastal protection, the GoL continues to construct more in the studied
communities (UNDP-Liberia, 2021).
Revetments, which are commonly utilized in Liberia and other West African
countries, are usually effective when used as additions to seawalls and dikes (Alves et
al, 2020), and not as standalone. These structures are also employed for defending
valuable properties other than just protecting beaches due to the huge cost associated
with such constructions (Rangel-Buitrago et al., 2018). However, although revetments
and groins were the traditional strategies used to combat coastal erosion in Ghana, they
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are now generally abandoned due to the negative impacts on marine environment
down-drift, and the country has changed strategy to nature-based solutions such as
beach nourishment (Alves et al., 2020; Hagedoorn et al., 2021). Also, owing to a
number of disadvantages, including high construction costs, the need for ongoing
maintenance, the destruction of beaches' aesthetics, limiting public access, and having
a negative impact on the environment, the use of hard protective structures for coastal
protection is currently receiving less attention globally (Masria et al., 2015; Williams
et al., 2018; Rangel-Buitrago et al., 2018; Gracia et al., 2018; Hagedoorn et al., 2021),
while different types of nature-based solutions are becoming the norm (Gracia et al.,
2018; Hagedoorn et al., 2021).
The results of this research showed however that utilizing soft measures for
coastal protection in Liberia is less popular, either because the coastal authorities are
unaware of their benefits or perhaps because authorities intentionally try to avoid such
time-consuming projects. Even though there is little awareness among coastal dwellers
about the significance of these coastal ecosystems as shown by the research results,
there is a possibility for the GoL to adopt soft methods for coastal protection due to
the presence of marine and coastal ecosystems such as mangroves and sand dunes
along Liberia's coastline (Olatunji & Charles, 2020; Wilson, 2020).
The mangroves that border Liberia's coastline served as an ecosystem-based
adaptation and are frequently utilised in restoration initiatives for coastal protection
due to their affordability and variety of uses (Olatunji & Charles, 2020; UNDP
Climate, 2020). For instance, the Mesurado Wetland Mangrove in Monrovia is a
crucial breeding habitat and nursery for a variety of inshore and nearshore fish, as well
as for commercially valuable shellfish and therapeutic plants (Olatunji & Charles,
2020).
Mangroves are a cost-effective method of coastal protection, but it takes
between 10 and 15 years for trees to mature before providing required functionality of
mitigating coastal protection (UNDP Climate, 2020). It is critical to preserve
mangroves and restore those that have been damaged because not doing so increases
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erosion, lowers water quality, and creates severe food shortages (UNDP Climate,
2020).
In addition to mangroves, another coastal ecosystem that is found in Liberia
that has shown to be effective for coastal protection are sand dunes. However, sand
dunes are under threat, not just in Liberia, because they are often destroyed and used
for construction purposes (Wilson (2020).
In conclusion, soft measures are today being researched and used for coastal
protection all over the world because of the many additional benefits nature-based
solutions offer to the environment as well as to humans (Gracia et al., 2018; UNDP
Climate, 2020; Hagedoorn et al., 2021).

4.2 Main Reason for the Continuous Occurrence of Coastal Erosion
According to research findings, coastal erosion in Liberia is caused by both climate
change (sea level rise) and human-induced actions such as illegal sand mining and
mangrove forest degradation (see fig. 7). Approximately 80% of the GoL officials
blamed it on illegal sand mining, whereas 63% of the coastal dwellers blamed it on
heavy rainfall. These findings are consistent with research and reports, which
demonstrate that illegal sand mining is actually increasing in Liberia and this may
contribute and accelerate coastal erosion (JICA, 1978; Wilson, 2020).
Furthermore, because overfishing and other destructive fishing practices have
caused negative consequences for the catch of fish, several fishermen who once relied
on fishing for a living, have now turned to illegal sand mining as an alternative source
of income (GIZ, 2018). Sand mining is destructive to the coastal zone and causes
coastal erosion because coastal sand serves as a barrier between land and sea, but when
it is removed, the land-sea interface is exposed to erosion and other environmental
problems (Mensah, 1997; Wilson, 2020). It should also be noted that illegal sand
mining is not unique to Liberia, but also to Ghana and other West African countries
who heavily rely on sand to build houses, roads, and bridges (Mensah, 1997).
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Sand dunes along the coastlines are also under threat from more commercial
use of sand and are destroyed when extracting sand for coastal developments (Wilson,
2020). The 1978 JICA report identified for example illegal sand mining, along with
other damaging human activities such as dam and port breakwater construction as one
of the primary causes of coastal erosion.
It is also important to note that certain coastal dwellers believed that coastal
erosion was happening because of superstitions like sea level rise was due to the burial
of dead bodies close to the ocean, or sea level rise occur because the new moon was
about to arrive. These findings only serve to highlight the need for greater awareness
among coastal dwellers of what causes erosion, particularly anthropogenic activities,
so correct actions will have a greater chance to be implemented and accepted. Without
a strong awareness and literacy of the coast and the ocean, there will still be a risk that
coastal people will continue accidentally harming the marine ecosystem.
The aforementioned issues, together with the lack of a coastal zone policy to
control and sustainably manage the coastal zone, play a key part in the communities
under study's continued coastal erosion. If Liberia is to reap the full benefits of the
coastal zone while simultaneously providing secure housing for coastal inhabitants, it
must follow Wilson's (2020) proposal by developing and implementing tools for
efficient coastal zone management.

4.3 The Impact of Coastal Erosion on Coastal Dwellers
According to the findings from both interviews and related literature, coastal erosion
is negatively affecting the lives of coastal people in the studied communities. This is
particularly apparent at West Point, where major schools, sanitary facilities, and homes
have been destroyed, and many residents have been displaced (UNHCR, 2008; Quays,
2020; UNDP-Liberia, 2021). Residents in New Kru Town and Buchanan are less
impacted by coastal erosion than those of West Point because they are not partially
surrounded by rivers and the ocean, as is the situation in West Point, and because they
did not build their homes close to the water. West Point is more susceptible to coastal
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erosion than New Kru Town and Buchanan due to its proximity to the Atlantic Ocean
and the Measurado River, see fig. 13(a). Since West Point Township is below sea level,
erosion and frequent flooding are a threat to it, as is already mentioned in the materials
and methods chapter. Additionally, coastal erosion is causing more damage to homes
and other important infrastructure in West Point because residents built very close to
the ocean, see fig. 13 (b & c).
To address the erosion problem, previous and current administrations
attempted to evacuate the residents of West Point to safer areas but failed because the
residents felt that relocation would have a greater impact on them than the erosion
itself (Clayeh, 2020). The residents of West Point, who heavily rely on the ocean for
a living, prefer to stay in risky conditions and keep their daily income rather than move
to safer areas and lose their source of income. As an analogy, this is what also
happened in Praia de Faro, the southern coast of Portugal, where residents preferred to
live in danger on the coast in search of wealth (Costas et al (2015).

Fig. 13. Partial views of West Point showing aerial view and destroyed houses along the Atlantic Ocean
on the north-western part of West Point
Source: picture A (Google Earth, 2022); picture B (Clayeh, 2020); picture C (FPA Staff Reporter, 2019)
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5.0 CONCLUSIONS AND RECOMMENDATIONS
5.1 Conclusions
This study examined the impact of coastal erosion at three identified coastal
communities in Liberia with the aim of discovering why coastal erosion persists in
Liberia despite multiple attempts made by the GoL to resolve it. The study also sought
to determine whether soft coastal protective measures could be implemented for
coastal protection; and, lastly, it aimed to make recommendations that decision-makers
in charge of coastal zone management may find valuable. To accomplish these aims,
the author sought to: (i) investigate governmental policies and measures for combating
coastal erosion in Liberia; (ii) examine the reason for which coastal erosion continues
to occur in Liberia; (iii) assess the impact of coastal erosion on the selected coastal
communities in Liberia; and (iv) discuss the potential of using soft engineering
structures to protect the coastal areas.
Four research questions were also created, each of which supplied an answer
to the research problem. Regarding the first objective, the research revealed that
Liberia has no coastal zone policy and that the national environmental policy (NEP)
of Liberia is being used to regulate the coastal zone. According to reports, a framework
paper for the formation of an ICZM plan is now being developed. Pertaining to the
GoL's measures for combating coastal erosion, the interviews and literature showed
that rock revetment walls were being used.
With regards to the second objective, the lack of coastal zone policies;
anthropogenic activities such as mangrove destruction, illegal sand mining, sand dune
destruction; and sea level rise due to climate change are responsible for the continuous
occurrence of coastal erosion in Liberia.
For the third objective, both the interview results together with national reports
demonstrated that the major harm coastal erosion is causing coastal dwellers in the
selected communities was the destruction of their homes and major infrastructures
such as schools and sanitary facilities.
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Concerning the fourth and final objective, the findings revealed that, despite
receiving little attention in Liberia, there is a potential of using soft methods for coastal
protection in some coastal areas. Mangroves and sand dunes, both of which are
predominant in Liberia, could be used for coastal protection, but they will have to be
imported to the study sites because they do not exist there. It should also be noted that
due to the local conditions at West Point, soft measures do not seem practicable for
coastal protection. More research is needed to determine whether soft measures can be
utilized in combination with appropriate hard measures.
Overall, the research findings demonstrated a lack of understanding and
interest in the value and importance of marine ecosystems among both the GoL and
coastal residents. Because the GoL is not proactive in tackling the issue of coastal
erosion, it has shown little interest in using soft measures, which require good
preparation and ample time before producing the intended results.

5.2 Limitations and Challenges
The main limitation of this study is the general research design that was used. The
study would have gathered more in-depth opinions from the respondents about the
research topic if it had utilized a semi-structured or open-ended research interview
strategy, but due to the limitations described in the materials and methods section, the
structured interview method was more suitable. Additionally, few of the results
showed that not all of the questions asked to the respondents were completely clear.
The questions for future research should be properly developed in order to get the
desired result. Also, the most difficult challenge encountered during the research
process was obtaining enough responses from GoL authorities. Only 5 of the targeted
30 people answered, preventing the author from gathering sufficient information to
compare against the literature and national documents.
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5.3 Recommendations
Based on the findings, below are a few recommendations that could be used by coastal
zone authorities and decision-makers:

1) The GoL should support the creation of the proposed coastal zone policy for
Liberia because this document will be used to manage this valuable interface
between land and will also make provisions for the establishment of a coastal
zone agency that will oversee the coastal zone.
2) Instead of simply enacting laws to prohibit illegal sand mining, the GoL should
address the main source of the problem and find alternative livelihood for those
involved in illegal sand mining.

3) Based on thorough research and with the participation of coastal dwellers,
suitable hard protective structures should be constructed in the worst-affected
areas as a temporary solution while preparation for the use of soft measures as
long term and sustainable measures should begin now.

4) Create awareness about the importance of marine ecosystems, especially
mangroves and sand dunes, for coastal protection, highlighting other cobenefits as well. This is intended to discourage coastal dwellers from further
harming these important marine habitats.

5) In the future, soft measures may not be the final solution at West Point but the
relocation of the people to a more suitable area with improved and decent
livelihood could potentially be a better solution or the only solution. West Point
itself has the potential however to be transformed into new developments,
potentially in the realm of tourism.
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